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LIQUID CRYSTAL COLOUR DISPLAYS 

This invention relates to liquid crystal colour displays in which 
information is displayed in one- colour on a background of another 
colour. 

One known form of colour display uses a smectic liquid crystal 
material addressed by a laser in projection displays and digital 
storage devices; see for example F. J. Kahn, Applied Physics 
Letters, 22, p. 111 (1973); A. 0. Dewey. Optical Engineering, Vol. 
23, No. 3, P- 230 (1984); and K. Birecki et al, SPIE Proceedings 
Vol. 420 edited by A. E. Bell and A. A. Jamberdino (1«B3). 

A typical projection display with smectic liquid crystal materials 
uses a scattering and a transmissive state of the smectic material 
to provide a display. Both the light scattering and transmissive 
states can be stable and co-exist in different parts of a display 
at the same time . Information is written as areas of light 
scattering texture on a background of light transmissive texture 
I.e. dark features on a light background; or visa versa. The 
display is monochrome . Multi-colour may be provided by using a 
plurality of systems, each with an associated filter, and combining 
the outputs say on a screen. This is quite complicated and 
expensive. The displays need a small highly localised light 
source, e.g. an arc lamp, and Schlieren stop optics. These are 

- , ^ ^ „„,-_ i+ difficult to obtain adequate display 

wasteful of power and make it ainicuxi. 

brightness . 

According to this invention these difficulties are overcome by 
providing a two colour display using a single cell of smectic 
material arranged as a polarisation switch together with coloured 
nolarisers. The two colours may be black, considered as a colour 
or absence of light, and white, considered as a colour or the, 
absence of other colours; or two colours such as red and green. 
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According to this invention a liquid crystal colour display 
compriaes a smectic liquid crystal cell formed of a layer of 
smectic liquid crystal material located between two cell walls both 
coated with sheet electrodes for applying an electric field across 
the smectic material layer, a light source for illuminating the 
cell, a lens system for directing light from the light source via 
the cell to a display screen, a laser light source for locally 
heating the cell, and a scanning system for scanning laser light 
across the cell, 
characterised by:- 

a cell in which the smectic material has a nematic phase between 

the smectic and isotropic phase, '* 
a homogeneous surface alignment treatment to the facing surfaces of 
the cell walls, the alignment direction on one wall being at 
least 45° to that on the other wall, 
a. neutral plane polariser between the light source and cell, 
at least one polariser positioned to receive light from the cell, 
the arrangement being such that liquid crystal material cooling 

rapidly from the isotropic state in the absence of an applied 
electric field adopts a twisted light rotating configuration, 
and in cooling from the isotropic state in the presence of an 
electric field adopts a non- rotating configuration 
whereby the too polarisers and the two different liquid crystal 
configurations cooperate to display information in one colour on 
the background of the other colour. 

The polariser receiving light from the cell may be a neutral grey 
polariser, in which case a black and white display is produced; a 
non- black coloured polariser alone, in which case a non- black 
colour and white display is produced; or two different non-black 
coloured polarisers may be used to produce a display of two 
different colours with information of one colour on the background 
of the other colour. 
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The two coloured polariser are preferably arranged with their optic 
axis orthogonal to one another and orthogonal or parallel to the 
alignment direction on the nearest cell wall. 

A small amount of cholesteric material, e.g. 0.1 to 10* wt., may be 
dissolved in the smectic material to assist in providing a uniform 
twiet direction* 

The alignment direction on the cell walls may be 90-+/- 10- 
preferably +/- 5° or leas. 

A ama ll amount of a dye, absorbing to the laser wavelength, may be 
dissolved in the liquid crystal material. 

The light source is preferrably an incandescent filament bulb such 
as a halogen bulb, backed by a reflector. 

The invention will now be described, by way of example only, with 
reference to the accompanying drawings of which 
• ~ Figure 1 is a schematic layout of a prior art system 

providing a monochrome display; 
Figure 2 is a sectional view of the cell used in Figure 1 ; 
Figure 3 is a phase diagram for material in the system of 
Figure 1 ; 

Figure 4 is a schematic layout of a two colour display 

according to the present invention, 
Figure 5 is a view of the cell used in Figure 4; 
Figure 6 is a sectional view of the cell in Figure 5; and 
Figure 7 is a phase diagram for material in the system of 

Figure 4- 
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The prior art projection system shown in Figure 1 comprises in 
serial order a mercury arc lamp 1, a condenser lens 2, inland infra 
red filters 3, 4, a dichroic "beam combiner 5, liquid crystal cell 
6, projector lens 7, a Schlieren stop 8, and a forward scattering 
screen 9. Additionally a He-Re laser 10 has its light beam 11 
scanned in both an x and a y direction by a two mirror system, 
shown in outline only at 12, via a scan lens 13 onto the dichroic 
beam combiner 5 and thence on the cell 6. This system is usefully 
combined with a second projection system H, such as a map display, 
whose output is focussed onto the screen 9. The map display 
comprises a light source 15, two lenses 16, and 17, together with a 
slide holder 18 carrying a slide of a map. 

The mercury arc lamp 1 is a 350 Y lamp giving as close to a point 
source as possible so that the cell 6 is illuminated with a 
collimated beam of light. The cell 6 is highly scattering so that 
it is neccessary to removed unwanted scattered light by the 
Schlieren stop 8. This requires a small point source of projector 
light which makes the system inefficient. Thus for viewing in 
conditions of high ambient light it is difficult to obtain an* 
adequately bright display. 

Uhe cell figure 2, comprises a 12 pm thick layer of S2 (BDE 
material) located between two glass walls 21, 22. A small amount 
of dye is disolved in the material to absorb the laser radiation 
and hence produce localised heating in the layer 20. The inner 
surface of each wall is coated with a transparent electrically 
conducting coating of indium tin ozide 23 , 24. These are used to 
apply an electric field across the layer 20, and may also be used 
as resistance heaters to maintain the layer temperature at a 
desired value- Both walls 21, 22 are treated to give a homeotropic 
alignment to contacting liquid crystal molecules, this imparts a 
tendency for the contacting molecules to order themselves 
perpendicular to the walls. 
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The dichroic beam combiner 5 is reflecting to the HeNe laser 
wavelength and also to red wavelengths from the lamp 1 ; the latter 
is to avoid unwanted heating of the cell. Unfortunately there 
still exists an undesired temperature gradient across the cell due 
to the non uniform light output from the arc lamp 1 . The combiner 
5 is transparent to all other visible wavelengths from the lamp. 

^ ctmw nii+rmt which gives a writing speed of 
Typically the laser xs of 8mW output wmcu g 

about 1 m/s on the screen. 

information is displayed on the screen 9 by causing areas of the 
layer 20 to become light scattering on a transparent .background , or 
vice versa. This is explained with reference to Figure 3. 

It is a feature of smectic A type liquid crystal materials such as 
82. that they can exist indefinitely in either of two states or 
textures * 

(a)'a clear state in which the optic axis is aligned uniformly 

perpendicular to the walls; and 

(h) a dense scattering, spherulitic focal conic state, in 
which the spatial extent of aligned regions is small typically 
about 1 yum. 

For*S2 material a phase transition between smectic and nematic 
phases occurs at 48" C, and a further phase change between nematic 
and isotropic occurs at 49 C. 

Application of a strong A.C. electric field, e.g. above 5 s 10* Vm"' 
will change the texture from scattering to clear in the smectxc 
phase. Localised heating of the layer 20 onto the isotropic phase 
is achieved by absorption of laser radiation in the layer 20. 
This isotropic phase is a disordered structure and is the result of 
heating either the scattering or clear smectic textures above the 
49°C transition temperature. 
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Prom tiie isotropic phase two routes are possible. Hapid natural 
cooling from the isotropic through the nematic to the smectic phase 
results in the scattering texture (h). Rapid natural cooling in 
the presence of a moderate electrical field of about 5 x 10 5 VeT* 
results in a clear smectic texture (a). Thus areas of scattering 
texture and areas of clear texture are obtained by localised 
heating with the laser 10 and cooling with selective application of 
an applied electric field. This is used to selectively write and 
erase information onto the screen. Erasure of the whole cell 6 is 
obtained by application of the high field to the layer 20. 

_ «- ^ 

The display on the screen is monochromatic, i.e. light and dark 

features in a single colour.. Multicolour can be achieved by using 

a plurality of the systems of Figure 1 in combination with 

different colour filters arranged between the cell 66 and Schlieren 

stop 8. This is costly and needs accurate alignment of all systems 

to provide a multicoloured display. 

A two colour system of this invention is shown in Figures 4 to 7, 
Figure 4 shows a layout similar to that of Figure 1, However, the 
lamp 30 is a conventional incandescent filament projector bulb and 
reflector 30' since it not necessary to use a point source bulb. 
Also, no Schlieren stop is needed. Light from the lamp 30 is 
directed by a condenser lens 31 through UV and IE filters 32, 33 
and a neutral polariser 34 arranged with its polarisation axis 
vertical. After the polariser 34 light passes through a dichroic 
beam combiner 35, a liquid crystal cell 36, a first colour 
polariser 37, a second colour polariser 38 , and projection lens 39 
onto a screen 40. The first colour polariser 37 is arranged with 
its polarisation axis vertical whilst that of the second colour 
polariser 38 is horizontal. The coloured polarisers may be red 
and green polarisers respectively. An advantage of the lamp 30 is 
that it provides a reasonably uniform temperature gradient across 
the liquid crystal cell 36. This makes laser addressing easier 
because the cell can be operated nearer to the nematic phase 
transition and lower power lasers used for addressing. 
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As in Figure 1 a He-He laser 41 has its output beam 42 directed via 
a two mirror system 43. scan lens 44, and the dichroic combiner 35 
onto the cell 36* 

This two mirror system 42 comprises two mirrors 45 , 46 rotatable 
about orthogonal axes 47, 48 by motors 47' and 48' to cause a 
horizontal and vertical scanning of the laser beam 42 via a fixed 
mirror 49 onto the cell 36- 

The cell 36, figures 5, 6, comprises two glass walls 51 , 52, 1.5 mm 
thick and spaced 12 urn apart by a spacer ring 53- The inner 
surface of both walls are coated with a 1000 A thick.iayer of 
transparent electrically conducting indium tin oxide 54, 55. 
Prior to assembly the walls are surface treated to provide a 
homogeneous alignment to liquid crystal molecules in a conventional 
manner. This alignment may be by oblique evaporation of SiO or 
coating with a polyimide such as Nolimide 32 (T.H.) and 
unidirectionally rubbed with a rayon cloth. Such treatment causes 
alignment of the liquid crystal molecules in a single direction 
"along the rubbing direction. Preferrably one wall is treated by 
oblique evaporation at 30° angle to give alignment with a zero tilt 
to contacting liquid crystal molecules; and the other wall xs 
.treated by oblique evaporation at about y to give alignment with a 
molecular tilt of about 50" . The walls 51 , 52 are assembled so 
that the alignment directions are orthogonal as indicated by arrows 
R1 E2. The cell 36 is arranged so that direction R1 on the wall 
nearest the neutral polariser 34 is horizontal i. orthogonal to the 
optical axis of the neutral polariser 34. 
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A smectic A liquid crystal material 56 is contained between the 
walls 51 , 52. This material 56 may be S2 BDH material 4-n-allgrl 
and 4-n-alkyloxy 4 '-cyanobiphenyl together with about \% of C15 BDH 
cholesteric material (-)4- (2Methylbutyloxy) 4 '-cyanobiphenyl. 
Other suitable materials are BDH materials catalogue numbers S1 , 
and S3 to S6. A small amount e.g. up to 5%, typically 2% of a dye 
is added to absorb the laser radiation and cause localised heating 
in the smectic layer 56. Suitable dyes are as described in an 
article by F. C. Saunders et al IEEE Transactions on Electron 
Devices, Vol. E-D30, Ho. 5 p. 499 (1983). A dye suitable for use 
with a laser operating in the near infra-red is described in (U.K. 
P. A. 8323359), e g a nickel dithiene derivative dye such as the 
ICI dye number SCI 00870. 

A voltage source 57 is arranged to supply voltages to the 
electrodes 54, 55. Control of the scan mirrors 45, 46, and laser 
41 , and voltages from the voltage source 57 is from a control unit 
58. This may contain standard routines for scanning conventional 
symbols onto the cell 36. 

As shown in Figure 7 a cell filled with S2 and C15 has a smectic- 
nematic phase transition at 48° C, and a nematic- isotropic phase 
transition at 49° C. On cooling from the isotropic phase in the 
absence of an applied electric field this material adopts a twisted 
nematic state in the nematic phase. This twist is induced by the 
orthogonal surface alignments E1 , R2. The cholesteric material 
CI 5 ensures a uniform twist direction. On further cooling from 
the nematic to smectic phase without an applied electric field, the 
material retains its twisted structure in the smectic phase. Such 
a twisted structure is optically active; it rotates the plane of 
incident plane polarised light by 90° and is similar to the known 
twisted nematic effect. 
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Cooling the material from the isotropic, through nematic, to the 
smectic phase in the presence of an applied electric field of about 
5 x lO^m" 1 causes the material to adopt the clear texture with 
the molecules aligning perpendicular to the walls 51 , 52. 

Both the twisted structure and clear structure can be locally 
heated into the isotropic state by laser heating. The twisted 
texture can be changed into the clear texture by application of a 
strong electric field e.g. above 5 x 10 Vm . 

In operation for example a red colour is obtained on the screen 40 
when the cell 36 is in its clear texture . Light from the lamp 30 
is vertically polarised by the neutral polariser 34, passes 
unchanged through the cell 36 to be filtered by the red polariser 
37 so that only red light passes to the screen 40. When the cell 
36 is in its rotated texture vertically polarised light from the 
neutral polariser 34 is rotated by the cell 36 to emerge 
horizontally polarised. This horizontally polarised light is 
filtered by the green polariser 38 to illuminate the screen 40 with 
green light. 

Thus the laser beam 42 is scanned over the cell 36 without any 
applied voltage so that areas of smectic material adopt a twisted 
texture in a clear background. This gives green areas on a red 
background, where the green areas are shaped to give information 
such as numbers, letters, or symbols. These green areas may be 
selectively erased by scanning the laser beam 42 over them and 
applying a moderate electric field as the locally heated material 
cools into the clear texture. 
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Alternatively the display can be red on a green background* In 
this case the whole cell 36 is changed into the twisted texture and 
the laser beam 4-2 scanned over the cell 36 in the presence of a 
moderate electric field. Areas of clear texture are thus formed 
on a background of twisted texture in the layer 56. The colours 
may also be reversed by reversing the relative position of the red 
and green coloured polarisers 37, 38 or by rotating their optical 
axes by 90° . 

Other colours and combinations are obtained by use of different 
colour polarisers. 

More than two colours may be obtained by replacing the two colour 
polarisers with a multi colour switch as described in GB 1,469,638. 

For example the two colours black and white may be obtained by 
replacing the two coloured polarisers 37, 38 with a single neutral 
polariser aligned parallel or orthogonal to the plane of light 
emerging from the cell 36. Alternatively a coloured, e.g. red, 
and white display may be obtained using e.g. a red polariser." A 
coloured e.g. blue and black e.g. zero light, may be obtained using 
a blue polariser and a neutral polariser arranged with their 
optical axis orthogonal to one another as in Figure 4. 
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Thus a three colour, red, green, and blue display may be obtained 
using two cells 36 side by side along different optical paths and 
combining the two paths onto a screen. One such cell may provide 
the red and green colours, and the other cell blue and black 
(absence of light). Alternatively three colours may be obtained 
using three cells arranged along three different optical paths. 
Each cell has associated therewith two polarisers, one a neutral 
polariser to give black (no light) and a coloured polariser. The 
three optical paths are combined to give a single image on the 
screen 40. For example the arrangement of Figure 4 can be 
replicated three times, with different colour polarisers, the 
resulting three images combined on the screen 40 intb-a single 
multicolour image . Such three colour displays are more efficient 
than the prior art because the light source is a conventional, 
incandescent filament, bulb and no Schlieren stop is needed. 
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Claims 

1 * A liquid crystal colour display comprising a snectic 

liquid crystal cell formed of a layer of smectic liquid crystal 
material located between two cell walls both coated with sheet 
electrodes for applying an electric field across the smectic 
material layer, a light source for illuminating the cell, a lens 
system for directing light from the light source via the cell to a 
display screen, a laser light source for locally heating the cell, 
and a scanning system for scanning laser light across the cell 
characterised by:- 

a cell in which the smectic material has a nematic phase between 
the smectic and isotropic phase, *** 
r a homogeneous surface alignment treatment to the facing surfaces of 
the cell walls, the alignment direction on one wall being at 
least 45° to that on the other wall, 
a neutral plane polariser between the light source and cell, 
at least one polariser positioned to receive light from the cell, 
the arrangement being such that liquid crystal material cooling 

rapidly from the isotropic state in the absence of an applied 
electric field adopts a twisted light rotating configuration, 
and in cooling from the isotropic state in the presence of an 
electric field adopts a non-rotating configuration 
whereby the two polarisers and the two different liquid crystal 
configurations cooperate to display information in one colour on 
the background of the other colour - 

2. The display of claim 1 wherein the alignment directions 

on the cell walls are 90° plus or minus 10° to one another. 

3- The display of claim 1 wherein up to \0% of a cholesteric 

material is incorporated in the smectic liquid crystal material. 

4. The display of claim 1 wherein the polariser positioned 

to receive light from the cell is a single neutral polariser. 
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5 The display of claim 1 wherein the polariser positioned 
to receive light from the cell is a single coloured polariser. 

6 The display of claim 1 wherein the polariser positioned 
to receive light from the cell is formed by a neutral polariser and 
a coloured polariser. 

7 The display of claim 1 wherein the polariser positioned 
to receive light from the cell is formed by two different colour 
polariser©. 

8 The display of claim 1 forming a multi colour display and 
comprising a plurality of the display of claim 1 with differently 
coloured polarisers to each display and arranged for the resulting 
multi images to he combined on a single display sceen. 

9 . The display of claim 1 wherein the light source is an 

incandescent filament "bulb. 

10 The display of claim 1 wherein an amount of an infra red 

radiation absorbing dye is incorporated in the liquid- crystal 
material . 
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